Investigation of an MHD convective flow of viscous, incompressible and electrically conducting fluid through a porous medium bounded by two infinite vertical parallel porous plates is carried out. ForchheimerBrinkman extended Darcy model is assumed to simulate momentum transfer within the porous medium. A magnetic field of uniform strength is applied normal to the plates. The analytical results are evaluated numerically and the presented graphically to discuss in detail the effects of different parameter entering into the problem.
Introduction
Flows through fluid saturated media are important in many scientific and engineering problems such as geothermal energy utilization, heat exchangers, nuclear reactor repositories and chemical engineering for filtration processes. Comprehensive reviews of porous media thermal/species convection have been presented by (Kaviany [1] ; Pop and Ingham [2] ; Ingham and Pop [3] ; Vadasz [4] ; Vafai [5] ; Neild and Bejan [6] ). For any application of porous media it is important to account for non-Darcian effects which can be divided into the inertial (Forchheimer) and boundary (Brinkman) effects. A generalized model for the fluid flow through a porous medium of variable porosity was developed to account for inertial effects, and boundary effects. These effects are incorporated by using the general flow model known as the BrinkmanForchheimer-extended Darcy model.
An analysis on the theoretical derivation of the Darcy and Forchheimer models was presented by Irmay [7] . Neale and Nader [8] showed that the Brinkman model considering continuity of the velocity and the shear stress at the interface gives the same results as obtained by using the Darcy model with BeavevsJoseph condition. Kavinay [9] and Nakayama et al. [10] obtained an analytical solution for a forced convection flow problem in a channel filled with a saturated Brinkman-Darcy porous medium. Flow through porous media, considering the Brinkman-Forchheimer extended Darcy model under different physical conditions has been studied by several authors [Cheng and Choudhary [11] , Vafai and Kim [12] , Nakayama et al. [13] , Kladias and Prasad [14] , Shenoy [15] , Vafai and Kim [16] , Whitakar [17] , Nield et al. [18] , Therefore, under such assumptions, equations governing the flow relevant to the problem may be written as
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The relevant boundary conditions are
Rosseland's approximation is used for the radiative heat flux which is given below
The inertia coefficient term F appearing in the model can be evaluated by the following formula (Alazmi et al. [43] ; Ergun [45] )
The dimensionless quantities are defined as
Now introducing the relation Eqs (2.5) and (2.7), into Eqs (2.2) and (2.3), we get 
Solution of the problem
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The differential Eqs (3.3) and (3.4), are still coupled, so further we assume F 1  (Chamkha [46] ) and the solutions to the equations are as follows
Now using the above Eqs (3.7), in Eqs (3.3) to (3.4), we get the following equations 
The corresponding boundary conditions (2.10), reduce to the following form , , , 
The solutions to Eqs (3.5) and (3.6), satisfying boundary conditions (3.12) are 
Results and discussion
In order to study the nature of velocity, temperature, and mass transfer, numerical calculations are carried out for distinct values of , ,Gr, , , Mand The reason is that the hot plate fluid is heated. When 4 R 1  it is observed in Fig.3 that the temperature of the cooled plate is lower than the temperature of the fluid, thus near the cooled plate a reverse flow is occurring. The reason is that at the starting stage, the temperature of both the plates is greater than the fluid temperature. The figures it also show that the velocity enhances as the time increases and a steady state is obtained at . t 1  Figure 4 presents the influence of time and the suction/injection parameter on the velocity. It is noticed that the velocity diminishes with the growing value of the suction/injection parameter. The reason is that the suction/injection parameter enhances the drag force nearby the channel plates. From the figures it also follows that the velocity enhances as the time increases and the steady state is obtained at . t 1  Figure 5 illustrates the influence of time and the Grashof number on the velocity. It is found that the Grashof number has the leading effect on accelerating velocities. It is also observed that the velocity enhances as the time increases and the steady state is obtained at . t 1  The influence of the radiation parameter is shown in Fig.6 . It is found that the fluid velocity gets its maximum value nearby the heated plate and then diminishes gradually towards the cooled plate. It is also noticed that the velocity enhances as the time increases and the steady state is obtained at . t 1  The influence of the Hartmann number on the fluid velocity is presented in Fig.7 . It is observed that the fluid velocity decelerates with the growing value of the Hartmann number the velocity enhances as the time increases and the steady state is obtained at . t 1  Figures 8 and 9 represent the influence of heat source /sink Q on the temperature. It can be noticed that the temperature diminishes with the growing value of the heat sink parameter and a similar trend is seen in the case of the heat source parameter. Figure 10 depicts the effect of the radiation parameter on the temperature. It is observed that the temperature profile drops with the growing value of the radiation parameter. Figures 11 to 13 show the effect of the buoyancy force parameter on the temperature. When The reason is that the temperature of the cooled plate is lower than the temperature of the heated plate and the temperature of the fluid is lower than the temperature of both plates. 
